For example, in terms of the hip and knee, a contemporary clinical theory that may explain the cause of patellofemoral pain syndrome and iliotibial band syndrome is that proximal hip muscle weakness leads to dynamic valgus of the knee joint [6] . Ankle hyper-pronation, genu valgum, tibial internal rotation, femoral adduction and internal rotation occur when the hip muscles cannot get over the external torque caused by gravity acting on the body's center of mass [6] . Moreover, in terms of the lower back, lateral tilt of pelvic can cause when the quadratus lumborum (QL) substitutes for a weakened GMED [7] .
Substitution by the lateral portion of the QL leads to lateral instability and impaired movement caused by lumbar spine lateral flexion and pelvic obliquity (lateral pelvic tilt) [8] .
In addition, increased tension in the QL is implicated in pelvic upward movement and rotational mal-alignment [9] .
Clinicians often report over-activity and trigger points for the QL with GMED insufficiency in patients with back pain [7] . In patients with low back pain, GMED activity is delayed, whereas GMED activity has been observed before the ipsilateral QL in normal participants. Recruitment imbalance between the GMED and QL can induce movement impairment [5] .
Previous studies have suggested a treatment protocol that included exercise to facilitate the recruitment of the GMED and relaxation to reduce the activity of the QL [7, 10] . Other studies demonstrated that QL muscle activity could be decreased by using a device to provide pressure biofeedback or a pelvic compression belt during side-lying hip abduction [4, 11] . In the clinical setting, two of the most common GMED strengthening exercises are side-lying clamshell (CLAM) and side-lying hip abduction exercises [12] . Previous studies have reported that the GMED-to-tensor fasciae latae (TFL) peak EMG signal amplitude ratio was far greater for the standard CLAM than that for side-lying abduction exercise, and suggested that the standard CLAM may be the preferred rehabilitative exercise when minimal TFL muscle activation is desired [13, 14] . CLAM activity incorporates open-chain hip external rotation and abduction, and is often used very early in rehabilitation when weakness of the abductors and external rotators exists [15] . However, previous studies have reported that the CLAM activates the anterior hip flexor (AHF) to a greater extent, but does not produce high activation of the GMED, and high levels of AHF activity during CLAM are came from the need to keep the hip in a flexed position while the hip external rotation movement is performed [15] . Moreover, for the CLAM with the hip flexion at 45 degrees, the AHF is more active than the GMED. However, the activities or the ratio between the GMED, QL, and AHF muscles during CLAM exercises have not been examined in previous studies.
During CLAM exercises, along with GMED activation, it is important to minimize the QL and AHF activity. Thus, the principal investigator (PI) in the current study developed modified CLAM exercises to reduce AHF activity via a mechanism of reciprocal inhibition. Briefly, subjects were instructed to push their feet against a wall at about 10% of the maximal contraction while they were performing the CLAM [16, 17] . The purpose of this study was to compare the GMED, QL, and AHF muscle activities and the GMED/QL and GMED/AHF muscle activity ratios between the standard CLAM and modified CLAM 1 and 2 (with two different foot positions) among participants with gluteus medius weakness. We hypothesized that the GMED, QL, and AHF activities would be different during both modified CLAM 1 and 2 in contrast to during the standard CLAM among these participants.
Ⅱ. Methods
Participants
G-power software 3.1 (Franz Faul, University of Kiel, Kiel, Germany) was used for power analysis. The required sample size of the 10 participants was calculated from the data collected based on a pilot study of three participants to obtain a power of .80 and an effect size of .41 (calculated by partial η2 of .148 from the pilot study) with an α level of .05. Eleven participants (7 males, 4 females) with weak GMED that were selected through manual muscle testing participated in this study. Table 1 indicates the demographic information of the participants.
The inclusion criteria included the subjects being able to sustain 5 seconds of isometric hip abduction in the side-lying position [18] . To confirm the GMED weakness, the participants assumed a side-lying position on the treatment table. Each participant's bottom leg was flexed for stability and comfort, and the test leg was parallel to the rest of the trunk. The investigator's hand was placed at 10 cm proximal to the lateral femoral epicondyle and the hip of the test limb was abducted to half of the hip abduction total ROM. [19] . The principal investigator (JSG) provided verbal encouragement to facilitate the maximal performance and gave instructions to prevent hip medial rotation or flexion through recruitment of the TFL or any pelvic hiking through recruitment of the QL [20] . The participants took a 3-minute rest between the 2 trials [21] .
Muscle strength was graded based on the method represented by Kendall et al. [22] as 0, 1, 2, 3, 4, or 5 out of 5, then grouped as either 'strong' (4 or 5/5) or 'weak' (3/5 or less) [23] . The reliability for individual muscle groups ranged from .63 to .93 [22] .
This study excluded the participants with past or present musculoskeletal, neurological, or cardiopulmonary diseases, shortness of iliotibial band and calf muscles, and limited ROM of the hip, knee, and ankle joints that could interfere with side-lying position. Overweight or obese participants were also excluded, as fatty tissue could interfere with EMG signals, acting as a low-pass filter [24] . The participants were identified as 'overweight' and 'obese,' if they presented with a body mass index (BMI) >25 [25] . Investigations, prior to the participation in the study.
Surface EMG recording and data processing
Surface EMG data were collected by using a Tele-Myo DTS EMG instrument with a wireless telemetry system For the QL muscle, the electrodes were placed at a slightly oblique angle at half the distance between 4 cm lateral from the vertebral ridge to the belly of the erector spinae muscle and the 12th rib and the iliac crest. Appropriate placement of the electrodes was confirmed by observing the participants while they completed five repetitions of side-lying hip abduction. Electrode contacts were checked before all contractions [26] .
The maximum voluntary isometric contractions (MVICs) in the standard manual muscle-test position were used to normalize the GMED, QL, and AHF [22] . EMG data were collected for 5 seconds during the isometric phase, and results were calculated from the middle 3 seconds of each exercise to avoid any possible starting or ending effects and connecting element of the skinelectrode [28, 29] . [29] . The EMG amplitude of each exercise was expressed as a percentage of the average MVIC value for each muscle (% MVIC) because this has been reported to be the most credible method of EMG normalization for hip abduction exercises [3] . To calculate the muscle activity ratios of the GMED/AHF and GMED/QL, the normalized GMED amplitude was divided by the normalized AHF and QL amplitudes, respectively.
Experimental Procedures
The muscle activities of the GMED, QL, and AHF were determined during the three types of CLAM exercises (standard and modified with the two different foot positions). The participants were instructed to draw lots to randomize the exercise order to avoid learning effects or fatigue. Each participant performed all the exercises with the weak GMED side for both the lower extremities. A metronome was set at one beat per second to ensure that each participant performed the exercises at a standard speed. [30] . For all CLAMs, the participants performed three trials for each exercise condition with a 3-minute rest between exercises [31] . The mean value was used for data analysis [32] . To minimize any potential learning effect, all participants performed one practice set of each exercise before the data collection and were instructed by the principal investigator on how to perform the exercises {PI, JeongSeomGyeul (JSG)}. During all the trials, the investigators gave oral feedback to correct the errors, as well as to assist in maintenance of the proper tempo.
1) Standard CLAM
To perform the standard CLAM, participants assumed a side-lying position with the weak limb up, both hips flexed at 45°, the knees flexed at 90°, and neither the feet nor back not in contact with the wall (Fig. 1 
2) Modified CLAM 1
To conduct the modified CLAM 1, participants assumed the same position as the standard CLAM, but their back touched the wall and they pushed their feet at about 10% of the maximal contraction against the wall (Fig. 2) , separated their knees, and rotated the weak limb upward keeping their feet together.
3) Modified CLAM 2
To perform the modified CLAM 2, the participants remained in the modified CLAM 1 position and pushed both the heels and metatarsal heads against the wall at about 10% of the maximal contraction while maintaining neutral ankle position (Fig. 3) , separated their knees, and rotated the weak limb upward keeping their feet together. Ⅲ. Results F=4.57, P=.02, respectively). However, there were significant differences between the AHF activities during the three types of CLAM exercises (F=11.17, P=.00). Modified CLAM 1 and 2 showed significantly less AHF activity than that during the standard CLAM (P= .00, P=.01, respectively); whereas, there was no significant difference between AHF activities during the modified CLAM with the two different foot positions (P=.09).
GMED, QL, and AHF muscle activity

GMED/QL and GMED/AHF ratios
The GMED/QL and GMED/AHF ratios during the three types of CLAM exercises are shown in Contrary to the research hypothesis, the GMED activity did not increase during the two modified CLAM exercises when compared to the standard CLAM. This result is similar with respect to the findings of a previous study that showed the standard CLAM does not produce high activation of the GMED and activates the TFL and AHF to a greater extent, and that the AHF is more active than the TFL and GMED [15] . In addition, in this study, two different foot positions in the modified CLAM were designed to reduce the AHF activity without enhancing the GMED activity. Although gluteus maximus activity was not investigated in this study, it is possible that the gluteus maximus activity would have been increased during the modified CLAM exercises via reciprocal inhibition.
The QL activity also did not decrease during the two modified CLAM exercises when compared to the standard CLAM. The PI postulated that pushing the feet against the wall during the modified CLAM exercises would inhibit pelvic elevation. However, the results of this study did These results support our research hypothesis, and may be explained by the mechanism of reciprocal inhibition.
Reciprocal inhibition occurs because of afferent inputs from the agonist muscle spindles stimulating an inhibitory interneuron in the spinal cord, which causes inhibition of the alpha motor neuron of the antagonist muscle [16, 17] .
Isometric plantar flexion contraction during the modified CLAM may have activated posterior chain muscles in the lower extremities and reciprocally inhibited the antagonist muscles (i.e., AHF). These results suggest that AHF muscle activity can be decreased by reciprocal inhibition [16, 17] .
However, the ankle joint position (between the modified CLAM 1 and 2) did not influence the AHF activity. In the present study, the foot position was standardized in two different ways because a different ankle angle could affect the lower limb muscle activity, and the PI thought that the subjects would feel comfortable and would be able to push their feet against wall in a neutral ankle position.
It should be noted that this study had several limitations.
First, the age range of the participants was limited to 18-24 years; therefore, our outcomes may not be generalized to the population belonging to other age groups. Second, this study is a cross-sectional study; therefore, the long-term effects of different foot conditions on the muscles that were investigated cannot be determined. Third, the upward movement of the pelvis during the exercises was not well controlled. Fourth, the strength of the push at about 10% of the maximal contraction was not measured. Further studies should determine the long-term effects on the GMED and QL muscle activities in different foot positions in subjects with GMED weakness.
Ⅴ. Conclusion
This study examined the effects of the modified CLAM on the EMG amplitude of the GMED, QL, AHF activities, as well as the GMED/QL and GMED/AHF ratios in the participants with weak GMED. Our results showed that the AHF muscle activity significantly decreased during the modified CLAM when compared to that during the standard CLAM. Therefore, this finding signifies that the modified CLAM can be recommended as a good method to minimize the AHF activity while maintaining the GMED activity in subjects with weak GMED.
